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ABSTRACT 


Heat -resistant  potassium  perchlorate/Hy.car  polyacrylic  binder 
propellants,  extrudable  in  small  web  geometri'e's,  were,  evaluated  for 
application,  to  propellant-actuatcd  cartridges-  to  withstand,  tempera¬ 
tures  from'  -b5J  to  '400°  ‘‘F  .  Re  emits  of  measurements  of  autoignition 
temperature,  amount  and  nature  of  gas  evolution,  and  retention  of 
grain  configuration  showed  these  propellants  to  have  thermal  stabil¬ 
ity  sufficient  to  meet  the  400°  F-4  hour  higli  temperature  objective. 

Extensive  firings  in  the  1173  cartridge -M3  (or  M5)  initiator  sys¬ 
tem  from  -65°  to  400°  F  demonstrated  the  ability  of  these  propellants 
to  survive  and.  function,- as  designed-,  in  a  typical  propellant  actu¬ 
ated  device. 
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INTRODUCTION 


■This  is  the  third  report  on  the  program  for  the  development  of  pro¬ 
pellants  for  propellant  actuated  devices  (PAD)  to  withstand  temperatures 
up  to  400"  >F.  Previous  work^»^',f  showed  that  the  nitrate  ester  propel¬ 
lants  would  hot  meet  the  temperature  objective  und  that  composite  pro¬ 
pellants,  as  a  class,  had  higher  thermal  stability.  In  -the  second  re¬ 
port  it  -was  demonstrated  that  composite  propellants  could  be  substituted 
for  nitrate  esters  in  meeting  the  ballistic,  requirements  of  a  typical 
proper1;1 rt-Jted  device  which-utiliz&d  small  web,  extruded  propellant 
grains  (the  M73  cartridge-M3  initiator  system),.  However,  in  ordrtr  to  do 
this  it  was  necessary  to  hand-tailor  small  disc  geometry. grains  because 
major  composite  propellant  sources  were  oriented  to  large,  cast-and-c.ure 
propellants  for  rocket  motors  and  had  not  developed  the  technology  of 
producing  small  web,  extruded  grains  of  comnosite  propellant.  The  best 
that  were  obtainable  in  diameters  of  less  than  0.5  inch  O.D.  were  ex¬ 
perimental  solid  rod  extrusions. 

As  a  result  of  these  studies,  it  was  recommended  that  efforts  be 
-directed  toward  -the  development  of  heat-resistant  composite  propellants 
capable  of  being  processed  by  commercially  feasible  means  (i.e.,  ex¬ 
trusion)  into  small  web  gun -type  grains,  including  both  monoperforated 
and  multiperforated  geometries.  A  contract* **  was  negotiated  with  Hercules 
P.owder  Company  for  this  purpose. 

A  number  of  composite  propellant  formulations  emerged  from  this 
contract  which  were  processable' via  commercial  solvent  techniques, -  using 
Che  same  equipment  that  is  used  for  the  manufacture  of  double  base  pro¬ 
pellants."'  These  were  based  on  extrudable  fuel  binders  of  fluorocarbon, 
polyacrylic,  or  polyacrylic/ triallyl  cyanurate  origin,  and  perchlorate 
oxidizer.  On  the  basis  of  ease  of  processing,  thermal  stability  at  400°  F, 
and  ballistic  performance,  the  most  successful  of  these  were  propellants 
based  on  potassium  perchlorate  oxidizer  and  Hycar  4021  polyacrylic  rubber 
employing  various  curing  additives  (Table  1.)^ 

i  - 

Propellants  which  had  been  processed  successfully  were  subjected 
by  the  contractor  to  preliminary  screening  via  thermal  stability  and 
closed  bomb  tests.  Those  propellants  which  the  contractor  considered 
to  have  passed  his  tests  were  then  forwarded  to  Frankford  Arsenal  for 
further  evaluation.  This  report  describes  additional  thermal  stability 
study  and  ballistic  firings. 


*See  REFERENCES . 

**Contract  DA  36-038-507-ORD-3572M, 
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TABLE  1 

Heat-resistant  Propellants3 


NOTE:  Extrusion  die  size  for  all  three  propellants  -  0.202  inch  0  D 
IWI-MMO*.  (0.014  inch  I.D.);  0.510  inch  grain  le„g£’ 
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Development  of  Test  Equipment 
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high  temperature-resistant  test  firing  system  which  resulted  entailed 
a  considerable  number  of  changes,  but  retained  the  specified  pressure- 
time  requirements. 

A  major  change  was  necessary  in  the  M73  cartridge.  Tests  showed 
that  the  standard  72M  percussion  primer  became  insensitive  after  400"  F 
exposure^  therefore  a  program  was  initiated  to  develop  heat-resistant- 
percussion  primers. ^  However,  experimental  primers  from  this  develop¬ 
ment  did  not  become  available  until  the  400°  F  firings  of  propellant 
were  almost  concluded. 

In  the  absence  of  a  completely  developed  400°  F-resistant  percussion 
primer  for  the  4G04  F  propellant  firings,  an  electrically  fired  miniature 
glow  plug  was  designed  to  fire  the  M73  cartridges  in  piece  of  the  primer. 
The  glow  plug  cavity  was  packed  with  approximately  0.1  gram  of  boron- 
potassium  nitrate  igniter  in  a  14/35  Tyler  v  sh  granulation  around  the 
bare  bridge  wire  and  was  topped  with  a  leau  seal.  The  glow  plugs  were 
threaded  into  the  cartridge  primer  head,  using  a  copper  washer  seal, 
annealed  to  a  "dead-soft”  condition.  The  glow  plug  connector  was  silver- 
soldered  to  the  end. of  asbestos-sheeted  electrical  lead  wire.  The  glow 
plug-cartridge "'assembly  is  shown  in  Figure  1.  Due  tp  the  heavy  bridge 
wire,  the  glow  plugs  were  fired  with  a  375-microfarad  capacitor  charged 
to  300  volts.  •>-- 

Use  of  electric  ignition  for  the  400°  F  firings  resulted  ir;  s 
change-over  from  tl*e  M3  to  the  M5  initiator.  The  ballistic  requirements  - 
were  the  same.  The  latter,  due  to  its  design,  allowed  a  direct  path  foiP 
the  electrical  lead  wire  to  the  glow  plug  simply  by  removal  of  the  firing 
pin. 

In  over.  Ci-'.ts,  the  AH6227  rubber  0-rlngs  in  the  initiator  and  car¬ 
tridge  had  become  brittle  and  acquired  a  "set,”  and  the  petrolatum- 
baaed  0-ring  lubricant  in  the  initiator  had  melted  and  run.  These 
problems  were  solved  with  material  changes.  Silicone  0-rings  and  a 
r tlicone-bnsc d  lu  ricant  were  substituted  and  found  to.  perform  satis¬ 
factorily  at  400'  t  for  five  hours.  > 

Sections  of  the  M28741-4  high  pressure  aircraft  hose,  when  subjected 
to  400°  F,  became  brittle,  and  particles  of  degraded  rubber  spalled  from 
the  Interior  of  the  hose  when  it  was  flexed.  Stainless  ste<  1  tubing 
X14  in.  long,  0.250  in.  O.D., and 0.04 c*  in.  wall)  was  substituted  for 
that  portion  of  hose  required  to  be  in  the  oven  for  the  hot  firings. 

Since  this  substitution  would  result  *.r.  lower  peak  presautes  due  to 
absorption  of  heat  by  metal  tubing,  a  series  of  firings  was  held  with 
production  M7.3  cartridges  to  determine  the  length  of  rubber  hose  at¬ 
tached  to  the  stainless  steel  tubing  that  would  equal  the  ballistics 
obtained  with  the  specified  15  j;?e£  of  rubber  hose  only.  From  the  data, 
a  combination  of  14  inches  of  stirnleas  steel  tubing  and  10,5  feet  of 
rubber  hose  was  standardised  for  the  hot  firings. 
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During  check-out  tests  of  the  hot  firing  system,  it  was  found  that 
repeated  firings  of  the  perchlorate-oxidized  propellants  through  the 
same  stainless  steel  tubing  caused  erosion  of  the  tubing  wall  close  .tq 
the  initiator,  with  resultant  failure  of  the  tubing.  This  was  attributed 
to  the  corrosive  combustion  products  of  the  perchlorate  propellants. 
Previous  work  by  Geene6  at  the  Ballistic  Research  Laboratories  on  the 
corrosion  of  metal  rods  by  combustion  products  of  perchlorate  propel¬ 
lants  had  shown  Hastelloy  B  and  Inconel  alloys  to  be  among  the  most  re¬ 
sistant  * 

Attempts  to  obtain  small  bore  seamless  tubing  of  Hastelloy  B  for 
this  effort  were  abandoned  when  it  was  found  that  this  could  be  fabri¬ 
cated  only  cn  ar,  experimental  basis,  at  prohibitive  cost,  and  that  there 
was  dduht  :hat  it  could  be  flared  to  37°  for  AN  fittings  without  cracking. 
Inconel  tubing,  in  the  desired  O.D.  and  wall  thickness  was  available  com¬ 
mercially.  Therefore,  the  Inconel  tubing  was  substituted  for  the  stain¬ 
less  steel  in  the  hot  firing  system.  This  tubing  showed  little  erosion 
or  pitting  in  the  bore  after  15  firings  of  perchlorate  propellant  with 
intermittent  cleaning,  with  detergent.  The  hot  firing  set-up  with  inconel 
tubing  is  shown  in  Figure  2. 

Low  pressures  in. several  hot  firings  were  traced  to  leakage  through 
the  AN  fittings  which  were  subjected  to  the  400°  F  soak  temperature,  Of 
the  several  means  investigated  to  maintain  gas-tight  fittings,  the  method 
adopted  was  the  introduction  of  conical  nickel  seals  which,  when  torqued 
properly,  amounted  to  a  malleable  metal  washer  between  the  male  and  fe¬ 
male  parts  (Figure  3).  The  conical  seals  were  replaced  after  each  fir¬ 
ing  at  400°  F,  and  no  evidence  of  gas  leakage  at  the  AN  fittings  em¬ 
ploying  these  seals  was  ever  detected.  (As  a  by-product  of  this  program, 
it  is  believed  that  the  conical  seals  should  be  investigated  further  for 
use  in  all  AN  fittings  employed  in  propellant  actuated  devices.) 


Thermal  Stability  Study 


Autoignition 


Autoignition  temperatures  of  the  propellants  under  sealed  cartridge 
conditions  were  obtained  at  linear  heating  rates  from  5C  to  30c  F  per 
minute.  The  apparatus  and  technique  employed  are  described  in  a  previous 
report ,1 


Examination  of  Propellant  Decomposition  Gases 


The  analysis  of  atmospheres  from  M73  cartridges  containing, nitrate 
ester  propellants  and  heated  at  225°  F  were  reported  earlier. 2  In  the 
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present  work,  exposures  were  made  at  400°  F.  It  was  found  that,  at  this 
temperature,  the  M73  cartridge  atmospheric  contents  would  diffuse  through 
the  O-ring  seal.  An  improved  propellant  sealing  method  was  devised. 


The  propellants  were  hermetically  sealed* in  small  0.5  inch  diameter 
aluminum  capsules,  using  a  novel  technique.  The  method  employs  the 
Koldweld*  process  of  joing  metal  surfaces  by  cold  flow  without  the  ap¬ 
plication  of  heat  as  in  standard  welding  methods.  In  this  technique, 
the  aluminum  container  of  propellant  and  matched  sealing  cap  are  welded 
by  a  shaped  punch  and  die.  The  resultant  hermetically  sealed  container 
is  able  to  contain  the  build-up  of  decomposition  gases  under  heat  with¬ 
out  leakage. 


The  Koldweld-sealed  capsules  of  propellant  were  heated  for  the 
specified  time*  at  400°  F,  then  tapped  for  atmospheric  content  in  an 
evacuated  system.  The  procedure  and  the  handling  of  the  mass  spec¬ 
trometer  data  are  described  in  the  previous  report. ^ 


Ballistic  Evaluation  at  400°  F 

(  The  propellants  were  evaluated  ballistically  in  the  M73  cartridge- 

113  initiator  device,  using  the  specification  test  fixture.  In  this  sys¬ 
tem,'  the  initiator  i,  .  fired  through  15  feet  of  M28741-4  high  pressure 
aircraft  hose,  terminating  in, a  one  cubic  inch  volume  pressure  chamber. 
This  specification  test  rig  is  used  routinely  for  all  firings  conducted 
from  -65°  to  200°  F.  Modificatiqn  of  this  sytem  for  400°  F  firings  is 
described  under  "Development  of  Test  Equipment." 


RESULTS 

Thermal  Stability  Study 


Autoignition 


Autoignition  temperature  data  were  obtained  on.  HES  6468.1,  HES 
6484.1,  and  HES  6573.1  propellants  in  sealed  M73  cartridges  at  linear 
heating  rates  of  5°,  10°,  20°,  and  30°  F  per  minute.  Individual  run 
data  and  standard  deviations  for  five  runs  at  each  heatfng  rate  are 
shown  in  Table  2.  The  temperatures  reported  are  those  measured  by  the 
control  thermocouple  in  contact  with  the  cartridge  case  wall  at.  the 
moment  of  propellant  autoignition; 


*Trademark  and  patent  of  Koldweld  Division,  Kelsey-Hayes  Company. 


8 


TABLE  2 

Individual  Run  Data,  Autoignition  Temperatures 
at  Linear  Heating  Rates  (Sealed  M73  Cartridges) 


Autoignition  Temperatures  (  F) 
at  Linear  Heating  Rates  of 


Propellant  5°  F/min 


HES  6468.1  622 

628+ 

622- 

623 

626 

Avg  624 

Std  dev  2 

HES  6484.1  620 

622+ 

619- 

620 

622 

Avg  621 

Std  dev  1 

HES  6573.1  618- 

619 
620+ 

620 
620 

Avg  619 

Std  dev  1 


10°  F/min  20°  F/min  30°  F/min 


644- 

694+ 

721- 

651+ 

688 

726 

649 

693 

728 

650 

693 

725 

648 

684- 

730+ 

648 

690 

726 

3 

4 

3 

637 

670 

700 

636 

670 

700 

633- 

671 

702 

635 

674+ 

700- 

638+ 

668- 

707+ 

636 

671 

702 

2 

2 

3 

639- 

679+ 

705- 

648+ 

678 

705 

645 

677 

705 

647 

675- 

711+ 

644 

678 

711 

645 

677 

707 

4  2  3 


+  »  maximum  value;  -  *  minimum  value. 


The  data  show  the  usual  trend  of  higher  autoignition  temperature 
as  heating  rate  is  increased;  however,  this  is  largely  due  to  increased 
thermal  lag  through  the  case  wall  at  the  faster  heating  rates.  Auto¬ 
ignition  temperatures  for  all  three  propellants  are  in  the  same  general 
range . 


Examination  of  Propellant  Decomposition  Gases 


Hermetically  sealed  capsules  of  3  grams  of  HES  6468,  HES  6484,  and 
HES  6573  propellants  were  conditioned  at  400°  F  for  four  and  eight  hour 
periods.  Capsule  atmospheres  were  analyzed  by  mass  spectrometer.  Gases 
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were  also  analyzed  from  similarly  heated.  0., 5  griii  samples  of  inert 
binders  of  these  propellants  in  order  to  d.»£«cfc  difference  in  thermal 
decomposition  which'  could  be  attributed  to  the  prtsonoe  of  potassium 
perchlorate  oxidizer  in  the  propellants,  tamper*,  ohs  voi'C  mde  with 
capsule  atmospheres  from  unheated  control  samples.  staictromcter 

data  are  shown  in  Tables  3,  4,  and  5.  Gas  sample  bull?  volumes  ve.re 
corrected  ior  additional  volume  of  the  evacuahe'o  system  and'  corrected 
gas  volumes  calculated  to  standard  temperature.  &,•:<*  pressure  -(0°C  and 
760  mm  Hg,  respectively). 

Evaluation  of  the  data  shows  that  there  Wc'r>  little,  c.t  no  d If tererce 
in  the  amount  of  gas  between  the  unheated  controls  anc  h/*  h<?*ted  samples, 
although,  Che  composition  of;  the  atmospheres  chain'd <-  'jt  *th  the  heated 
•propellants  and  their  respective  binders  absorbed  atmospheric  bxygtiu 
In  all  .cases,  the  addition  of  potassium  perchloiat0  tc  the  b iii.de t  ’(i~, e 
■c^mpiefi  propellant)  resulted  in  'increase d/e volution  t»r  CGtg  and  CO  ,'at 
high  temperature. 

Sr4aXt  quantities  of  chlorine-containing  organic  compounds  were  de¬ 
tected  *ri>m  both-  heated  propellants  and;  their  binders,.  Their  appear¬ 
ance-  in  heated  binder- .gases  is.  evidence  that  they  may  be'. attributed  to 
the  ch^rtRal  dfccor^cnihiqn  of  one  of  the  binder  ingredients.  (Informa¬ 
tion  ixoiii  the'  contractor  is  that  the  Hycar  4021  polymer  contains  about 
five  percent  of  a- Compound  tentatively  identified  as  ch\oro-ethyl  vinyl 
ether i)  Acetone  is  addnd-, by' ithe  manufacturer  during  ptbpallant  mixing. 

-  Although  ‘.lost  dr  the  Solvent  is  driven  off  during  propellant  cure, 
remaining  traces:  account  $&t  its  detection  by  the  mass  spectrometer. 

StteS.  I  quantities  of.  2-r^ethQxyethanol  (methyl  cellosolve)  appear  only 
in  gapes  from  heated  ;KiS  '6468  propellant  and  its  binder,  and  ethanoL* 
similarly.,  from  heated:  6573  propellant  and  its'  binder..  Since  ali 

three  ptopeilahts  ermpidy  the  same  Hycar  .4021  polymer,  this  may  be  due 
either  to  the  ciffereice  In-  curing  agents  or  these  solvents  may  have 
been  ir.eofputfauvd  us  niixiug  aids  in  the  individual  propellant  batches s 

The  deviation  of  atmospheres  from  unheated  control  samples  to  that 
of  typical  air.  is  due  mostly  to  differences  in  ambient  humidity  at  the 
time  the  capsules  were  sealed. 


Visual  Examination 


Sealed1  cartridges  were  opened  from  all  high  temperature  exposures 
and  the  propellants  were  examined.  The  grains  were  hardened  and  dis¬ 
colored,  generally  in  proportion  to  the  severity  of  the  heat  exposure, 
but  all  appeared  to  retain  their  original  configuration,  with  no  evi¬ 
dence  of  perforation  closure..  Sectioned  grains  of  HES,  6573  propellant 
are  shown  in  Figure  4. 
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Table  3 

Major  Gas  Components  of  Capsule  Atmospheres  from 
Heated  HES  6468  Propellant  and  Binder 


TABLE  4 

Major  Gas  Components  of  Capsule  Atmospheres  from 
Heated  6484  Propellant  and  Binder 
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“Argon  omitted. 

t>No  quantitative  measurement  obtained. 


Neg:  36.231.S3777/ORD.62 


Ur.  eated  Control 


400°  P/4  hr 


400°  F/ 24  hr  350°  F/l  wk  300°  F/4  wk 


Figure  4.  Grain  sections  of  HES  6573. IB  Propellant 


Ballistic  Evaluation 


A  complete  ballistic  evaluation  of  the  potassium  perchlorate  pro¬ 
pellants  was  carried  out  in  the  M73  cartridge-M3  (or  M5)  initiator  sys¬ 
tem.  The  program  follows. 

1.  Firings  to  compare  black  powder  vs  boron-potassium  nitrate  ig¬ 
nition  of  these  propellants. 

2.  Firings,  at  ambient  temperature  and  -65°  F,  of  propellants  ex 
posed  from  -65°  to  400°  F. 

3.  Firings  at  400°  F  after  400°F-4  hr  exposure. 

4.  Firings  at  400°  F  with  experimental  heat-resistant  percussion 
primers  (when  these  became  available  at  the  end  of  the  program.) 


»«. 
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The  ballistic  evaluation  began  with  HES  6468  propellant.  Early  in 
the  program  it  was  found  that  tightly  packed  HES  6468  grains  adhered  to 
•  v»e  another  at  points  of  grain  contact  after  400°  F  exposure.  The  grains 
themselves  retained  their  geometrical  configuration.  Although  the  grain 
adhesion  did  not  appear  to  affect  performance  in  400°  F  exposed  cartridges 
undesirably,  improved  curing  agents  were  sought. 

The  ballistic  evaluation  was  continued  with  HES  6484  propellant,  a 
polyacrylic  rubber-triallyl  cyanurate  binder  formulation.  Solvent  solu¬ 
bility  studies  with  this  composition  later  showed  that  cross-linking  was 
not  attained.  Grain  adhesion  at  400s  F  was  also  noted  with  the  HES  6484. 
The  ballistic  tests  were  completed  with  HES  6573,  a  modification  of  HES 
6468  propellant  in  that  trimene  base  was  substituted  for  sulfur  and  EWP-30 
as  curing  agent.  Adhesion  of  HES  6573  grains  at  400°  F  was  considerably 
reduced . 

Since  HES  6468.1,  HES  6484.1,  and  HES  6573.1  propellant  lots  were 
essentially  similar  as  regards  contractor  closed  bomb  data,  and  identical 
in  grain  configuration,  little  difference  among  them  was  expected  in  their 
performance  in  the  M73  cartridge.  The  most  severe  exposures  and  firings 
of  the  previous  propellant  were  repeated  with  the  succeeding  formulation 
before  the  ballistic  teat  program  was  continued. 


Firings  with  Boron-Potassium  Nitrate  Igniter 


HES  6468  propellant  was  fired  with  1.2  grams  of  A4  grade  black  pow¬ 
der  igniter  and  with  0.8  and  1.2  gram  weights  of  U.S.  Flare  No.  2A  borop- 
potasaium  nitrate  igniter  composition  in  a  14/35  Tyler  mesh  granulation. 
Individual  round  data  are  shown  in  Table  6.  All  cartridges  gave  per¬ 
formance  within  specifications. 

Peak  pressures  were  higher  with  the  boron-potassium  nitrate  Igniter 
than  with  an  equivalent  weight  of  black  powder.  This  fact  wa3  considered 
significant  since  black  powder  is  a  gaseous  igniter  which  contributes  to 
the  pressure  peak  in  this  system,  while  the  boron-potassium  nitrate  is  a 
relatively  gasless  metal  oxidant  "hot  particle”  igniter.  This  increased 
igniter  efficiency  of  boron-potassium  nitrate  was  demonstrated  repeatedly 
with  a  variety  of  other  composite  propellants  in  this  system. 

Based  on  these  data  and  the  thermal  stability  of  the  SKNO3  at  400*  F, 
all  further  ballistic  evaluation  of  the  potassium  perchlorate/Hycar  pro¬ 
pellants  was  carried  out  using  BKKO3  igniter.  The  igniter  weight  for 
the  M73  rrtridge  was  maintained  at  1.0  gram,  regardless  of  the  ballis¬ 
tics  obtained,  in  order  to  compare  the  effect  of  the  various  temperature 
exposures  on  the  same  propellant /igniter  charge. 


TABLE  6 

Brllistic  Data,  HES  6468.1  Propellant  Firings 
in  M73  Cartridge-M3  Initiator  System 
(Black  Powder  vs  BKNO3  Igniter) 


Igniter 

Peak 

Ignition 

Rise 

Weight 

Pressure 

Delay 

Time 

Igniter 

(£m)  . 

_(psi) 

(ms) 

(ms) 

A4BP 

1.2 

1100 

13 

17 

1180 

15 

17 

1030 

14 

18 

1040 

14 

22 

1080 

19 

18 

Avg 

1086 

BKNO3 

0.8 

1140 

16 

21 

1080 

16 

23 

940 

16 

24 

1240 

18 

15 

1100 

18 

19 

Avg 

1100 

BKNO3 

1.2 

1370 

11 

16 

1310 

12 

20 

1460 

12 

16 

1430 

13 

12 

1430 

10 

17 

Avg 

1400 

Firings  at  Ambient  and  Low  Temperature 


The  temperature  conditioning  and  firing  schedule  for  the  firings 
at  ambient  and  low  temperatures  follows. 


Cartridge  Exposure 

Unconditioned  (control) 

Unconditioned 

400°  F-4  to  24  hours 

400°  F-4  to  24  hours 

Unconditioned 

350°  F-8  to  168  hours 

350r'  F-24  to  168  hours 

350°  F-168  hours 

300°  F-2  to  4  weeks 

300°  F-2  to  4  weeks 

300°  F-2  to  4  weeks 


Firing  Temperature 

Ambient  (70°  F) 

-65°  F 
Ambient 
-65°  F 

-65°  F,  locked  shut 

Ambient 

-65°  F 

-65°  F,  locked  shut 

Ambient 

-65°  F 

-65°  F,  locked  shut 


16 


The  firings  began  with  HES  6468.1  propellant,  and  continued  with 
HES  6484.1  and  HES  6573.1  propellants,  as  described.  All  cartridges 
exposed  to  high  temperature  were  unprimed.  Following  exposure^*  the 
cooled  cartridges  were  primed  with  the  72M  styphnate  percussion  primer. 
Lengthened  high  temperature  exposures  were  arbitrarily  stopped  at  400°  F- 
24  hours,  350°  F-168  hours,  300w  F-4  weeks.  Firing  data  are  shown  in 
Tables  7,  8,  and  9. 

It  is  seen  that  there  was  little  difference  between  the  performance 
of  the  unconditioned  control  cartridges  and  all  exposures  of  HES  6468.1 
and  HES  6484.1  propellants.  In  the  case  of  HES  6573.1  propellant,  one 
set  of  unconditioned  control  cartridges  ("repeat’'  extended  400°  and 
350°  F  exposures)  had  a  higher  average  peak  pressure  than  the  other 
control  cartridges.  It  will  also  be  noted  that,  in  addition  to  this  set, 
individual  cartridges  throughout  Tables  7,  8,  and  9  gave  peak  pressures 
exceeding  1500  psi,  the  desired  maximum.  This  spread  in  the  peak  pres¬ 
sures  of  these  propellants  is  attributed  partially  to  variations  in  pro¬ 
pellant  weight  due  to  random  grain  lengths.  (In  Table  9,  note  the  sam¬ 
ple  designation  HES  6573.1B.  Lot  HES  6573. 1A  was  discarded  because  of 
excessive  variability  in  grain  length,  which  was  visible  to  the  naked 
eye.) 


In  all  the  firings,  no  general  trend  is  shown  of  decrease  (or  in¬ 
crease)-  in  peak, pressure,  ignition  delay,,  or  rise -to- peak* /with-  exposure 
time  at  high  temperature. 


Firings  at  400°  F  after  Four-hour  Exposure 


Cartridges  were  fired  through  the  system  as  follows. 

Cartridge  Exposure  Firing  Temperature 

Standard  production  M73  70°  F  70°  F 

Modified  M73  (HES  6573)  70°  F  70°  F 

400°  F-4  hr  400°  F 

Since  the  production  M73  cartridges  contained  percussion  primers, 
they  were  fired  by  a  different  method  than  the  glow  plug  cartridges. 

The  percussion  primers  were  gas-initiated  by  a  T14  electric  primer  out¬ 
side  the  oven,  firing  through  stainless  steel  tubing  and  actuating  the 
M5  initiator  firing  pin  inside  the  oven.  Glow  plugs  were  fired  with- a 
375-microfarad  capacitor  charged  to  300  volts. 

Firing  data  are  shown  in  Table  10.  Average  peak  pressures  of  the 
HES  6573  propellant  cartridges  were  higher  than  the  production  cartridge 
at  both  70°  and  400s  F,  but  were  within  specification  limits.  Pe.’-k 
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[  TABLE  7 

t  Ballistic  Data,  UES  6468.1  Propellant  Firings 

In  M73  Cartridge /M3  Initiator  Syatoa 

I 


Cartridge 

Exposure 

Unconditioned 


Unconditioned 


400*  F-4  hr 


400°  F-4  hr 


Unconditioned 


Unconditioned 


Unconditioned 


400’  F-4  hr 


400’  F-4  hr 


Unconditioned 


String 

Teapertture 

_ CP 

Peak 

Pressure 

(psll 

70 

Avg 

1070 

1190 

1240 

1160 

1130 

1158 

-65 

Avg 

1340 

1280 

1330 

1210 

1440 

1320 

70 

Avg 

1220 

1220 

990 

1010 

1080 

1104 

-65 

Avg 

1130 

1340 

1210 

1260 

1220 

1232 

-65,  LS* 

_ 

Repeat  Ftringa 


Ignition 

Rise 

Delay 

Tine 

(nal 

ls-1 

23 

14 

17 

21 

18 

19 

16 

18 

16 

23 

14 

12 

18 

14 

17 

10 

15 

13 

13 

18 

16 

21 

18 

23 

19 

26 

18 

21 

21 

32 

20 

19 

15 

17 

IS 

16 

13 

20 

14 

18 

Function  O.K. 
i  Ditto 

Ditto 
Ditto 
Ditto 


70 


Avg 


-65 


Avg 


70 


Avg 


-65 


Avg 

-65,  LS* 


1170 

18 

1320 

13 

1410 

13 

1280 

15 

1270 

15 

1290 

1190 

15 

1240 

12 

1200 

15 

1220 

13 

1270 

16 

1224 

1130 

12 

1160 

15 

1340 

12 

980 

16 

1100 

15 

1142 

1210 

12 

1160 

18 

1320 

12 

1140 

14 

1080 

15 

1182 


Function  O.K. 
Ditto 
Ditto 
Ditto 
Ditto 


17 

33 

15 

25 

20 


26 

22 

23 

23 

24 


32 

29 

24 

24 

39 


28 

21 

20 

18 

20 


“LocPed  shut 


iJVOLA  O 

Ballistic  Date,  HES  6484.1  Propellant  Firings 
In  H73  Cartridge /M3  Initiator  System 


Cartridge 

Exposure 


Unconditioned 


Urn  nditioned 


'*00*  F-4  hr 


400*  F -4  hr 


Uncoikdltione  ) 


Firing  Peak 

Temperature  Pressure 

- ^ -  -  (P»» 

400"  F  Exposure 

70  1220 

1290 
1190 
1270 
1210 

Avg  1236 


1240 

1220 

1170 

1120 

1240 

Avg  1198 

1220 

1080 

1170 

1040 

860 

Avg  1074 

1030 

1120 

1240 

1050 

1230 

Av*  1134 


-65,  IS* 


400*  F-6  hr 


400*  F-8  hr 


400“  F-10  hr 


400'  F-12  hr 


1180 

1100 

1180 

1100 

1190 

Avg  1150 

1290 

1230 

1230 

1140 

1280 

Avg  1234 

1170 

1090 

1190 

1200 

1130 

Avg  1156 

1080 

1000 

980 

1080 

1030 

Avg  1034 


Ignition 
Delay 
— i£ll 


Rise 

Time 

IS 


21 

21 

16 

15 

19 


20 

22 

23 

14 

19 


20 

16 

18 

19 

18 


20 

16 

22 

20 

17 


21 

25 

22 

22 

23 


23 

18 

21 

18 

14 


19 

18 

29 

16 

25 


25 

21 

12 

20 

13 


Function  O.K. 
Ditto 
Ditto 
Ditto 
Ditto 


8 

U 

11 

12 

9 


21 

24 

18 

24 

21 


10 

a 

10 

12 

10 


21 

26 

20 

22 

18 


9 

12 

11 

12 

12 


20 

22 

19 

23 

17 


11 

10 

10 

11 

12 


22 

21 

21 

20 

18 


*Locked  shut 


tabu:  e  (Cont’u) 


Cartridge 

Exposure 


\  Unconditioned 

\ 

\ 

350°  F-8  hr 


350°  F-16  hr 


350°  F-2 4  hr 


350°  F-24  hr 


350°  F-2*;  hr 


350°  F-48  hr 


350°  F-72  hr 


350°  F-96  hr 


Firing 

Temperature 

— £!f) 


Peak 

Pressure 

— 1 tPst> 


350°  F  Exposure 


1520 

1470 

K00 

1330 

1130 

Avg  1364 


1230 

1130 

1300 

1340 

1290 

Avg  1258 

1440 

1390 

1330 

1280 

1190 

Avg  1326 

1230 

1210 

1210 

1030 

1130 

Avg  1160 

1140 

980 

1280 

1150 

1130 

Avg  1136 


-65,  LS* 


70 


70 


70 


1530 

1380 

1390 

1300 

1290 

Avg  1378 

1290 

1230 

1180 

1140 

1300 

Avg  122g 

1490 

12^0 

1290 

1300 

1370 

Avg  1336 


Ignition 

Delay 

-  (ssi 


15 

12 

12 

11 

12 


10 

13 

11 

10 

10 


12 

12 

13 

12 

11 


12 

13 

11 

12 

12 


11 

12 

11 

12 

12 


Function  0.K, 
Ditto 
Ditto 
Ditto 
Ditto 


10 

12 

10 

10 

10 


11 

11 

10 

8 


11 

11 

9 

10 

10 


2 

2 

2 

2 

2 


“Locked  shut 


„  TABLE  9 

Ballistic  Oita,  HES  6573, lB  Propellant  Ptr. 
in  M7J  Ca r c ridge /M3  InitL£r 


Cartridge 

Exposure 


Unconditioned 


400°  F-4  hr 


400°  F-6  hr 


400°  F-8  hr 


400°  F-10  hr 


400°  F-12  hr 


350°  F-24  hr 


350°  F-48  hr 


350°  F-72  hr 


350°  F-9<>  hr 


Firing 

Temperature 

— m 


70 


Peak 
Pressure 
— <P8i> 

h00°  F  Exposure 

1220 
1330 
1230 
1230 
1670 


70 


70 


Avg 


Avg 


Avg 


1336 


70 


70 


70 


Avg 


Avg 


Avg 


1580 

1540 

1430 

1420 

1400 


1474 


1300 

1300 

1320 

1230 

1290 


1286 


1340 

1340 

1390 

1480 

1460 


1402 


70 


350°  F  Exposure 

1340 
1390 
1300 
1240 
1190 


70 


70 


Avg 


Avg 


Avg 


1292 


1300 

1180 

1300 

1230 

1290 


1260 


1140 

1280 

1470 

1530 

1330 


Ignition 
De  lay 
_ (as) 


12 

11 

10 

13 

12 


1290 

13 

11 

12 

11 

12 

1300 

1280 

1500 

1400 

1354 

1240 

11 

13 

12 

12 

13 

1430 

1300 

1270 

1270 

1302 

1350 


10 

12 

12 

9 

10 


11 

11 

9 

10 

10 


7 

10 

10 

9 

10 


13 

13 

12 

13 

12 


11 

10 

12 

11 

10 


10 

12 

10 

10 

10 


Avg 


1190 

1300 

1330 

1230 

1140 


1238 


14 

13 

11 

12 

13 


Rise 
T  line 
-0»») 


24 

25 
29 

26 
23 


28 

24 

22 

24 

24 


31 

.20 

22 

23 

24 


25 
22 
22 
21 

26 


27 

24 
20 

25 
23 


20 

20 

25 

22 

21 


26 

27 

24 

3’ 

27 


22 

25 

25 

24 

29 


23 

25 
21 
23 

26 


24 

22 

22 

24 

25 
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TABLE  9  (Cant'd) 


Cartridge 


Unconditioned 


400*  7-24  hr 


150*  F-164  hr 


Qneoadltlonad 


400*  7-24  hr 


400"  7-24  hr 


400*  7-24  hr 


350*  7-148  hr 


330*  7/164  hr 


350*  7-164  hr 


7irlng  Peek 

Teepereture  Praaaure 

— ■  C  r‘ -  (pel) 


Extended  400*  and  350*  7  Expo.uree 

70  1440 

1440 
1320 
1440 
1270 

Av*  1390 

70  1230 

1230 
1240 
1200 
1200 

Avt  1220 

70  1340 

1340 
1320 
1140 
1320 

Av*  1300 


Ignition 

Delay 

— lad 


16 

14 

16 

17 

16 


17 

17 

IS 

19 

14 


21 

24 

23 

20 

19 


fepaat  Extended  400*  and  350*  7  Expoeuree 


70 


1600 

1340 

1470 

1540 

1390 

Av*  1304 


11 

13 

16 

11 

11 


70 


Av* 


1380 

1280 

1240 

1180 

1230 

1262 


14 

13 
12 
12 

14 


1180 

1230 

1380 

1100 

1030 

Av*  11*4 


•65,  LB* 


70  1500 

1330 
1390 
1330 
1300 

Av*  1370 

65  1200 

1140 
1290 
1180 
1040 

Av*  U70 


-63,  LB* 


15 

12 

12 

15 

24 


Function  0.K 
Ditto 
Ditto 
Ditto 
Ditto 


10 

13 

14 
14 
13 


11 

13 

11 

12 

16 


Function  O.K. 
Ditto 
Ditto 
Ditto 
Ditto 


“locked  abut. 


TABLE  9  (Coat'd; 


Cartridge 

Expoiurf 


Unconditioned 


300*  P-2  M«ki 


MO*  t-Z  watkt 


3CO*  p-2  «,.ke 


firing  P.,* 

T-paratut.  Praaaut* 

— L& -  ~i2m 


300*  P  Expoaura 

1280 

1330 

1280 

1280 

1340 

Avg  U02 

1330 

1340 

1270 

1500 

1180 

Avg  1324 


1340 

1230 

940 

1230 

1090 

*vg  UM 


•«.  LS« 


300*  P-4  vaalta 


300*  P-4  icgaka 


300*  P-4  wacka 


**  1340 

1140 
42X) 
1120 
:o>o 

avt  jive 

45  230,: 

2340 

2270 

i2»i 

2240 

AVO  ll.T) 

-<>5,  LS* 


Ignition 
Da  lay 


8 

11 

8 

11 

11 


10 

9 

11 

9 

9 


9 

10 

11 

8 

10 


function  OJt 
Ditto 
Ditto 
Ditto 
Ditto 


10 

11 

9 

10 

9 


12 

10 

9 

9 

9 


P -action  OJt. 
Ditto 
Ditto 
Ditto 
Ditto 


•Locked  ahut. 


.  TABLE  10 

^  ““  “73-1B  *op.Uant  Firing, 

In  M73  Cartridge /MS  Initiator  System 


* 


Cartridge 

Standard  M73, 
Lot  FA  10  1 


Modified  M73, 
KES  65 73. IB 


Modified  M73, 
KBS  6573. IB 


Standard  M73, 
Lot  PA  10-i 


Modified  K73, 
KBS  6573. IB 


Exposure 

Unconditioned 

Unconditioned 

400*  f-4  hr 

Unconditioned 

Unconditioned 


Modified  M73, 

*573, IB  400*  p.4  hr 


Firing  Peak 

Temperature  Prea.ure 

- ^ -  -  (P»i) 


1010 

1040 

1050 

1000 

1000 

Avg  1022 


1400 

1060* 

1140* 

1330 

1300 

Avg  1246 


400  1450 

1350 
1230* 
1520 
1550 

*vg  1420 

Fapeet  Piringa 


1100 

1060 

1080 

1100 

1140 

Avg  1096 


1340 

1190 

1270 

1380 

1390 

Avg  1314 


400 


1330 

1490 

1570 

1460 

1440 

Avg  J458 


Ignition 

Rise 

Belay 

Tine 

fas' 

Isal 

t 

15 

17 

13 

22 

10 

18 

10 

20 

8 

20 

61 

18 

58 

25 

56 

26 

58 

25 

51 

21 

53 

11 

54 

17 

53 

15 

51 

15 

53 

14 

9 

18 

9 

21 

9 

23 

11 

21 

9 

18 

58 

19 

58 

24 

56 

18 

56 

23 

50 

19 

63 

18 

45 

18 

50 

15 

46 

18 

58 

15 

“cat  leak  through  glov  plug. 
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pressures  of  the  400"  F  heated  and  fired  cartridges  were  higher  than 
those  of  the  unheated  cartridges.  It  will  be  noted  that  ignition  delay 
for  the  HES  6573  propellant  cartridges  is  unusually  long  for  both  anfcient 
and  400°  F  firings.  This  is  due  to  long  "heat-up  time"  fcr  the  heavy 
bridge  wire  in  the  glow  plugs  and,  consequently,  is  of  little  importance 
in  the  ballistic  evaluation  of  the  propellant. 


Firings  with  Heat-resistant  Percussion  Primers 


In  an  effort  to  evaluate  a  completely  400s  F-resistant  FAD  car¬ 
tridge,  the  ballistic  tests  were  conducted  in  M73  cartridges  loaded  with 
HES  6573  propellant,  boron-potassium  nitrate  igniter,  and  experimental 
he at -resistant  percussion- primers  currently  under  development  on  another 
program.^  Two  primer  compositions,  G~l!  and  G-16,  were  selected  as  hav¬ 
ing  the  best  characteristics  of  sensitivity  and  thermal  stability  fcr 
this  application.  Both  compositions  were  employed  in  the  tests. 


The  cartridges  were  fired  in  M5  initiators,  employing  the  hot  fir¬ 
ing  system.  The  percussion  primers  were  initiated  by  M52A3  electric 
primers  functioning  outside  the  oven  through  stainless  steel  tubing  and 
actuating  the  initiator.  Comparison  was  made  with  standard  production 
M73  cartridges  and  with  72H  styphnate  primers  as  follows. 


Cartridge  Load 

Primer 

Exposure 

Firing  Temperature 

Standard  M73 

72M 

70°  F 

70°  F 

HES  6573.1E/B*NO: 

72M 

vj 

O 

O 

70°  F 

HES  6573.1B/BKN03 

G-ll 

70°  F 

70°  F 

RES  6573.IS/BKNO3 

G-ll 

400°  F-4  hr 

400°  F 

HES  6573.1B/BKN03 

G-16 

70°  F 

70°  F 

HES  6573 . IB/BKKC3 

G-16 

400°  F-4  hr 

400°  F 

Firing  data  are  shown  in  Table  11.  All  cartridges  primed  with 
the  G-ll  and  G-16  compositions  functioned  satisfactorily  at  70e  and 
at  400°  F.  Peak  pressures  for  all  HES  6573. IB-loaded  cartridges  were 
higher  than  those  of  production  cartridges.  (It  is  believed  that  this 
can  be  easily  corrected  by  adjustment  of  propellant  and  igniter  weight.) 
At  ambient  temperature,  comparable  pressures  were  obtained  between  G-16 
and  72M  primed  cartridges.  Comparison  of  G-ll  and  G-16  primers  showed 
scmewhat  higher  peak  pressures  for  G-ll  primers.  This  i3  believed  du'' 
to  the  presence  of  10  percent  TAC0T*  heat-resistant  high  explosive  in 
the  G-ll  composition. 


♦Trademark  of  E.  I.  dupont  de  Nemours  &  Co.,  Inc. 
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,  table  a 

Ballistic  Data,  HES  6573  l* 

(c  a3 

<G-U  and  C-I6  Experinuncal 
Firing 


Standard  M73 

Lot  FA  10-1  72H  70*  P 


HES  6573. IB  72M  K.  p 


HES  65  73.18  c.u  7Q»  p 


HES  6573. IB  C-16  7o»  F 


*No  reading;  inatruwnt  oalfunction. 


70 


Peak 

Ereaaure 

<p«11 

Ignition 

Delay 

(me) 

Rite 

Tine 

Iasi 

1030 

1020 

1080 

1080 

1100 

1062 

13 

13 

11 

11 

13 

18 

15 

18 

18 

20 

70 


70 


6573,18  C*U  «00*F-4hr  400 


a 

1370 

1240 

1320 

1320 

Avg  1312 

1330 

1610 

1460 

1340 

1510 

Av*  1450 

1590 

1590 

1540 

1760 

1540 

Av»  1604 


a 

19 

18 

15 

13 


15 

13 

13 

13 

9 


9 

9 

9 

9 

9 


a 

IS 

20 

21 

20 


23 

15 

20 

22 

22 


15 

13 
19 

14 
14 


70 


““  6573,18  G'16  400*F-4hr  400 


1320 

16 

*1 

1410 

•  2 

1150 

1200 

1390 

18 

19 

14 

18 

20 

19 

1294 

23 

1560 

1410 

1270 

1610 

1440 

11 

10 

18 

10 

11 

16 

14 
16 
13 

15 

1458 

26 


5 


In  summary,  these  firings  were  considered  to  have  demonstrated  a 
complsce  primer-igniter-propellant  train  for  PAD  cartridges  to  meet 
400°  F-4  hour  operation.  These  firings  concluded  the  ballistic  evalu¬ 
ation  oi  the  small  grain  potassium  perchlorate,' 'Hycar  propellants. 


DISCUSSION 

Thermal  Stability  Study 


The  autoignition  data  on  the  HES  6468,  HES  6484,  and  HE3  6573  pro¬ 
pellants  show  the  same  high  level  of  autoignition  temperatures  for 
these  propellants  as  were  obtained  with  potassium  perchlorate  propel¬ 
lant  during  previous  screening  of  propellant  types.  The  gas  evolution 
data  and  visual  examination  show  that  their  resistance  to  deterioration 
at  400°  F  for  up  to  eight  hours  is  of  a  high  order.  Gassing  of  the 
propellants  at  these  temperatures  is  virtually  negligible.  The  discus¬ 
sion  of  what  gases  are  evolved  (sea  RESULTS)  points  to  a  small  amount  of 
binder  deterioration  which,  apparently,  can  be  tolerated  within  the  tem¬ 
perature-time  objective  of  this  program. 


Ballistic  Evaluation 


The  firings  of  the  potassium  perchlorate/Hycar  acrylic  binder  pro¬ 
pellants  in  a  typical  propellant  actuated  cartridge  demonstrated  their 
ability  to  survive  and  perform  under  extremely  wide,  temperature  condi¬ 
tions.  As  far  as  is  known,  the  400°  F  conditioning-,  -65c  F  firing 
temperature  span  is  the  widest  to  which  any  specification  propellant 
device  has  ever  been  subjected  and  fired  satisfactorily. 

Deviations  from  specified  M73  cartridge -M3  initiator  performance 
did  not  take  tha  form  of  a  lowering  in  peak  pressures  or  overly  long 
rise-tc-peak  time,  as  would  be  expected  from  a  deteriorated  propellant, 
but,  rather,  an  increase  in  peak  pressure  above  the  desired  1500  psi 
maximum  occurred.  This  is  attributed  to  a  combination  of  several 
causes. 

First,  an  extensive  charge  establishment  program  for  optimum 
propellant  and  igniter  weight  for  this  cartridge  was  not  undertaken, 
but  an  arbitrary  charge  of  eight  pieces  of  propellant  and  1.0  gram 
of  BKNO3  was  adhered  to  for  the  entire  firing  program.  It  is  possible 
that  an  igniter  weight  of  0.8  or  0.9  gram  may  be  preferable. 
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Second,  the  propellant  lots  furnished  by.  the  contractor  were  ex¬ 
perimental,  and  not  subject  to  the  rigid  grain  dimension  specifications 
under  which  gun  propellants  are  procured.  Considerable  variation  in 
grain  length  was  experienced,  particularly  with  HES  6573  propellant. 

Third,  higher  peak  pressures  were  obtained,  mostly  in  firings  at 
400°  P,  which  was  to  be  expected.  A  minimum  temperature  coefficient 
of  performance  over  a  temperature  spread  of  approximately  465®  F  re¬ 
mains  an  area  still  to  be  explored. 

The  adoption  of  Inconel  Cubing  for  the  400°  F  firing  of  perchlorate 
propellant  is  described  (see  EXPERIMENTAL)..  Although  this  was  success¬ 
ful  here,  it  is  not  suggested  that  this  solves  the- problem  of  the  effect 
of  corrosive  combustion  products  of  perchlorate  propellant  on  metal  in 
propellant  actuated  devices.  Heat-resistant  propellants  employing  non¬ 
halogen  oxidizers  and  binders  would  be  preferable. 


CONCLUSIONS 


1.  Based  on  autoignition  temperature,  amount  and  nature  of  gas 
evolution,' and  retention  of  grain  configuration,  the  extrudable  potas¬ 
sium  perchlorate/Hycar  acrylic  binder  propellants  showed  thermal  stabil¬ 
ity  sufficient  to  meet  the  400°  F-4  hr  high  temperature  objective  of 
this  program. 

2.  When  evaluated  ballistically  in  the  M73  cartridge/M3  (or  M5) 
initiator  system,  these  propellants  demonstrated  their  ability  to  sur¬ 
vive  and  function,  as  designed,  after  exposures  from  -65°  to  400°  F. 


RECOMMENDATIONS 


1.  The  potassium  perchlorate/Hycar  polyacrylic  binder  propellants 
should  be  considered  for  propellant  actuated  cartridge  applications  with 
-65°  to  400°  F  exposure  requirements. 

2.  Farther  work  should  be  done  with  these  propellants,  with  the 
objective  of  attaining  a  minimum  temperature  coefficient  of  ballistics 
over  a  temperature  span  cf  -65°  to  400^  F. 

3.  High  temperature-resistant,  halogen-free  propellants  should  be 
explored  for  the  added  advantage  of  nonccrrosive  combustion  products. 

4.  Conical  seals  should  be  investigated  further  for  use  in  all  AN 
fittings  employed  in  propellant  actuated  devices. 
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